Keywords 25-Hydroxy-vitamin D arterial stiffness brachial-ankle pulse wave velocity (baPWV) ankle-brachial index (ABI)
INTRODUCTION
Vitamin D is an essential nutrient for the human body and the blood 25-hydroxyvitamin D [25(OH)D] level has been widely recognized as the biomarker of vitamin D status [1] . In Chinese, vitamin D deficiency is very common, especially in elderly individuals [2] . Recently, epidemiological studies have investigated that vitamin D deficiency may increase the risks of many chronic diseases including metabolic syndrome [1] , diabetes [3] and Cardiovascular Diseases (CVD) [2] [3] [4] . In addition, several studies have reported that the serum 25(OH)D level was inversely correlated with the low density lipoprotein cholesterol (LDL-c) and triglycerides levels [5, 6] and arterial stiffness [7] [8] [9] [10] . Elderly people are at high risk of vitamin D deficiency, which may be due to decreased outdoor activities, inadequate food intake, poor intestinal absorption and decreased renal synthesis, which may underlie the increased risk of age-related chronic diseases in the population.
Age-related arterial stiffness is considered to be a degenerative disease, which is a common disorder in cardiovascular pathophysiology [11] and predisposing the elderly to increased risk of CVD. Noninvasive arterial stiffness measurement can be used to obtain additional information for early vascular aging, generally manifest by increased Systolic Blood Pressure (SBP) and pulse pressure in the population [12, 13] . Carotid-femoral Pulse Wave Velocity (cfPWV) is considered as a golden standard measure of aortic stiffness and it is a cumulative measure of the damaging effects of cardiovascular risk factors on the arterial wall along with aging, especially in persons over 40 years of age [14] . We previously showed that cfPWV itself can be considered as an index of Target Organ Damage (TOD) [15] . Brachial-ankle PWV (baPWV) is robustly correlated with cfPWV, which can serve as a biomarker of arterial aging [16] in predicting CVD events and mortality [17] . Ankle-Brachial Blood Pressure Index (ABI) measurement is an accurate and noninvasive measurement in diagnosing peripheral arterial diseases including arterial stenosis and obstruction, and it is an independent predictor for cardiovascular risk [18] . Both measures were regarded as noninvasive biomarkers of subclinical TOD in the elderly by the ESH/ ESC guidelines in the management of hypertension [19] . Although many investigations have examined the relationships between status of vitamin D and arterial stiffness measured by baPWV, the results are controversial [20] [21] [22] . Several cross-sectional studies and prospective studies had demonstrated that vitamin D deficiency and insufficiency was significantly associated with arterial stiffness [7] [8] [9] [10] ; however, other studies reported no significant association between vitamin D status and arterial stiffness. To date, there are relatively few studies that focus on the relationships between total vitamin D and baPWV and ABI in the elderly, with inconclusive results [8, 10] . Therefore, we aimed to investigate the relationships between total serum vitamin D level and arterial stiffness assessed by baPWV and atherosclerosis assessed by ABI in a Chinese community-dwelling elderly cohort.
PARTICIPANTS AND METHODS

Study Population
A total of 175 elderly participants (age 60-100 years) aged 60 years and older who received a routine physical examination in the Chronic Disease Detection and Management Department of Xuhui Hospital between 2016 and 2017 were recruited. Main exclusion criteria were those participants with renal insufficiency (blood creatinine level > 180 µmol/L), presence of a malignant disease and had taken vitamin D supplements during the past 6 months. Forty subjects were excluded from the analysis because the 25(OH)D levels were not measured. The number of participants included in the present analysis was 175 (91 males and 84 females). Body height and weight were measured without shoes using a portable stadiometer (TCS-150, Shanghai Dongfang Scales Co., Ltd., China). BMI was calculated as the weight in kilograms divided by height in meters squared (kg/m 2 ). The basic information of the patients was extracted from the participant's medical records. All subjects provided written informed consent and the Ethics Committee of Ruijin Hospital North, Shanghai, approved the study protocol.
Laboratory Analysis
The levels of total 25(OH)D (D2 and D3) were measured with a Shimadzu series HPLC (Shimadzu Corporation, Japan) instrument connected to an API 5500 LC-MS/MS system (Applied Biosystems Inc., USA). The intraassay Coefficient of Variation (CV) was <5.0% and the interassay CV was <12.0%. Vitamin D insufficiency was defined as a serum 25(OH)D level of 21-29 ng/mL and Vitamin D deficiency was defined as a serum 25(OH)D level <20 ng/mL according to the guidelines [23] . The biochemical tests including serum total cholesterol, High Density Lipoprotein Cholesterol (HDL-c), triglycerides, blood glucose, serum creatinine and calcium were evaluated in routine laboratory tests.
Indices of Arterial Stiffness and Atherosclerosis
Noninvasive measurements of peripheral Blood Pressure (BP) and PWV were performed in the supine position using the Omron device (BP-203RPEIII VP-1000, Kyoto, Japan). After the subject had rested at least 10 min in the supine position, the pressure cuffs were wrapped on both upper arms and ankles. The device simultaneously and automatically measured blood in both ankles and upper arms. ABI was shown by the device as the ratio of the systolic blood pressures at the ankle to the systolic blood pressures in the upper arm (brachial). ABI value of 0.9-1.2 was considered normal with ABI ≤ 0.9 indicating arterial disease [24, 25] .
Statistical Analysis
The characteristics of the study participants were presented as the median and the Interquartile Range (IQR) or the number of participants and the corresponding proportion. The correlation between the variants was determined with Pearson's coefficient of correlation. The relationships between the total 25(OH)D levels and arterial stiffness values of the participants were evaluated using univariate linear models. The multiple linear regression model was applied to determine whether the serum 25(OH)D was independently associated with arterial stiffness in the participants. All analyses were performed using R software (version 3.3.1, The R Foundation, Vienna, Austria) and related packages (www.r-project. org). A two-sided p < 0.05 was considered statistically significant.
RESULTS
Characteristics of Participants
The 175 participants included 91 (52%) males and 84 (48%) females. The age of participants ranged from 60 to 100 years old with a median value of 87 years. The BMI of the participants ranged from 15.6 to 37.2 kg/m 2 with the mean value of 24.5 kg/m 2 ( Table 1) . Of all participants, 20 (11.4%) had sufficiency serum 25(OH)D level, while 155 (88.6%) had insufficiency (20-29 ng/mL) and deficiency (<20 ng/mL) serum 25(OH)D level. Females had higher serum 25(OH)D, total triglycerides, HDL-c and LDL-c levels compared with males, but males had higher creatinine levels than females. Similar results were found in those participants with insufficiency and deficiency serum 25(OH)D level (Table S1 ). Compared with participants with sufficiency serum 25(OH)D, the age was older and the serum calcium level was higher in participants with vitamin D deficiency and insufficiency (Table S2 ).
Correlation between Serum 25(OH)D Level and Arterial Stiffness in the Elderly Population
Correlation between the variables and the ABI and baPWV is shown in Table S3 . The serum 25(OH)D level was significantly correlated with the right ABI level (p = 0.025) but not the left ABI (p = 0.076) of the participants. No correlation with baPWV was found (Table S3 ).
In the stratification study by serum 25(OH)D level, we found that the total serum 25(OH)D level showed a significant positive correlation with the right ABI (r = 0.230, p = 0.004) and the left ABI (r = 0.212, p = 0.008) in participants with insufficiency and deficiency serum 25(OH)D level; however, there was no significant correlation between serum 25(OH)D and baPWV ( Figure 1 ). In addition, the total serum 25(OH)D level was negatively correlated with age (r = −0.364, p < 0.001) and total cholesterol (r = 0.161, p = 0.048) and positively correlated with serum calcium level (r = 0.181, p = 0.0039). 
Univariate Regression Analysis of ABI and baPWV
In participants with deficiency and insufficiency vitamin D level, the univariate linear regression suggested that the total serum 25(OH)D level was positively associated with right ABI (standardized b = 0.230, p = 0.004; Figure 2a ) and left ABI (standardized b = 0.212, p = 0.008; Figure 2b ), whereas the total 25(OH)D level was not significantly associated with the left or right baPWV in individuals with vitamin D deficiency and insufficiency ( Table 2 and Figure 2c and d) .
Age, SBP and DBP were positively related to right and left baPWV ( Table 2) . For participants with sufficiency, the serum 25(OH)D level was not significantly associated with the ABI or baPWV (Table S4 ).
Multivariate Regression Analysis in the Elderly Population with Vitamin D Deficiency and Insufficiency
In multivariate linear regression analysis of individuals with vitamin D deficiency and insufficiency, we found the total 25(OH)D level was positively associated with left ABI (standardized b = 0.195, p = 0.025) and right ABI (standardized b = 0.194, p = 0.022) in participants with serum 25(OH)D level <30 ng/mL with the adjustments of confounding factors including age, sex and DBP. No correlation was noticed in participants with sufficiency serum 25(OH)D level (Table 3 ). For baPWV, serum 25(OH)D was not associated with baPWV when adjusted for age, sex and DBP (Table 4 ). Age and DBP were independently associated with left baPWV (standardized b = 0.473, p < 0.001, standardized b = 0.552, p < 0.001, respectively) and right baPWV (standardized b = 0.502, p < 0.001, standardized b = 0.527, p < 0.001, respectively).
DISCUSSION
In the current study, we demonstrated that prevalence of vitamin D deficiency and insufficiency (<30 mg/ml) accounted for 88.6% in elderly Chinese subjects. The total serum 25(OH)D level was positively correlated with ABI in elderly people with vitamin D deficiency, whereas it was negatively associated with age. In addition, our results showed that the serum 25(OH)D level was not associated with the baPWV level in elderly Chinese. These results suggest that vitamin D may have preventive roles in peripheral vascular diseases.
Ankle-Brachial Blood Pressure Index is a widely-used index in the noninvasive assessment of peripheral vascular disease. Lower ABI value was correlated with arterial disease; however, as the stiff arteries produce elevated ankle blood pressure, higher ABI was usually found in patients with diabetes mellitus and it was associated with arterial calcification. Lower ABI reflects the burden of atherosclerosis on the vascular wall, which may lead to the increased cardiovascular disease morbidity and lower quality of life [25] . There is also a significant inverse correlation with intima-media thickness, a marker of sub-clinical TOD and preclinical atherosclerosis in elderly subjects [26] . In the present study, we found a significant positive relationship of serum 25(OH)D with ABI. Vitamin D deficiency has been recognized as a risk factor for CVD [27] , and it had been widely recognized as an independent risk factor for atherosclerosis, peripheral artery disease [28] and arteriosclerosis. Previous studies have reported that vitamin D had a preventative role in patients with CVD [4] , which may be due to vitamin D inhibiting the Renin-Angiotensin-Aldosterone System (RAAS) [20] , modulating macrophage activity and cytokine production [29] . Low ABI has been reported to be associated with cardiovascular morbidity and mortality [30] . The total serum 25(OH)D decreased along with lower ABI in vitamin D deficient individuals, suggesting that vitamin D was associated with arterial atherosclerosis, which may underlie the increased risk of CVD in patients with lower serum 25(OH)D [20] . Moreover, we found that higher serum 25(OH)D level was correlated with increased serum calcium in the elderly population, and the higher calcium levels could contribute to vascular calcification which results in less distensible arteries. Interestingly, a cross-sectional study reported a strong inverse and independent association between dietary calcium intake and arterial stiffness in those with higher dietary vitamin D intake [31] , which might be caused by the increased calcium absorption in population with higher vitamin D intake. Therefore, our findings suggest a potential mechanism that underlie the association of serum 25(OH)D deficiency and the increased vascular calcification in the elderly population.
Previous clinical studies and meta-analysis have reported that serum 25(OH)D level is inversely associated with arterial stiffness measured by baPWV, even in the elderly [8, 10] . However, the value of left and right baPWV are expressed as average of bilateral baPWV measurement in assessing arterial stiffness in these studies [8, 10] , which may not accurately reflect the status of the baPWV of the participants. In our study, the value of right and left baPWV were calculated and applied in the analysis, which may underlie the inconsistent results with previous observational studies. Furthermore, there are several longitudinal studies on vitamin D that failed to show improvements in arterial stiffness with vitamin D supplementation [32, 33] , suggesting that vitamin D may have no significant influence on arterial stiffness. Other randomized controlled trails performed to date, show vitamin D had an effect on arterial stiffness, with a potential protective role interpreted by suppressing RAAS [34, 35] and improving endothelial function [36] . Arterial stiffness measured by PWV is a powerful predictor in increasing cardiovascular mortality and morbidity mainly influenced by age and blood pressure [37] . Our population-based study has shown now an association between serum vitamin D and blood pressure and arterial stiffness measured by baPWV (mean value > 1880 cm/s), which is consistent with other cross-sectional studies [21, 22] .
There are several limitations to be acknowledged in the current study. First, the study was performed by cross-sectional design, and so provides the association of relationships instead of predictive values of vitamin D on the progression of arterial stiffness. Second, there is lack of data on history of medication and other previous disease status as factors that may confound the results of the current study. Third, the sample size of our study is relatively small and the age of the participants over 70 years old, which limits the findings applicable only to the elderly population. In particular, the small sample of the vitamin D sufficient individuals has the effect of reducing the power for comparison.
In conclusion, the present cross-sectional study suggested that serum 25(OH)D may be favorably related to ABI; however, serum 25(OH)D level is not related to arterial stiffness measured by baPWV, which is likely to be mainly mediated by age. Large-scale prospective studies are warranted to confirm these findings in future.
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